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The Moyar Shear Zone (MSZ) of the South Indian granulite terrain hosts a prominent syenite pluton
(w560 Ma) and associated NW-SE to NE-SW trending maﬁc dyke swarm (w65 Ma and 95 Ma).
Preliminary magnetic fabric studies in the maﬁc dykes, using Anisotropy of Magnetic Susceptibly (AMS)
studies at low-ﬁeld, indicate successive emplacement and variable magma ﬂow direction. Magnetic
lineation and foliation in these dykes are identical to the mesoscopic fabrics in MSZ mylonites, indicating
shear zone guided emplacement. Spatial distribution of magnetic lineation in the dykes suggests
a common conduit from which the source magma has been migrated. The magnetic foliation trajectories
have a sigmoidal shape to the north of the pluton and curve into the MSZ suggesting dextral sense of
shear. Identical fabric conditions for magnetic fabrics in the syenite pluton and measured ﬁeld fabrics in
mylonite indicate syntectonic emplacement along the Proterozoic crustal scale dextral shear zone with
repeated reactivation history.
 2012, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Magmatic fabrics in intrusive bodies that result from accumu-
lated strain during ﬁnal crystallization are sensitive indicators of
the evolving interactions between magmatic and tectonic
processes in the Earth’s crust (Zák et al., 2008). Hence, timing of
magma emplacement and fabric geometry are critical factors in
understanding the tectonic evolution of the host rock and for the
regional correlations of igneous activity (Gudmundsson, 1995;
Groome et al., 2003; Horsman et al., 2005).
The South Indian shield, considered to be a composite conti-
nental segment with diverse petrological, geochemical, structural
and metamorphic characteristics, has witnessed several phases
of ultra-basic, basic, acidic and alkaline magmatism, mainly in
the Proterozoic (Murthy,1987; Ernst et al., 1995; Bhattacharya et al.,
2010) and Late Palaeozoic eras (Radhakrishna, 2003; Radhakrishnaeesh).
of Geosciences (Beijing)
sevier
sity of Geosciences (Beijing) and Pet al., 2004). These intrusive bodies have been generally considered
as post-tectonic (Rajesh, 2000), especially due to the absence of
mesoscopic fabrics, obscured contact relations and multiphase
reactivation history of the associated shear zones. Therefore,
systematic evaluation of the spatio-temporal relationships of solid-
state fabrics becomes crucial in deciphering whether these intru-
sive bodies are syn- or post-orogenic.
The Moyar Shear Zone (MSZ), forming the north-western part of
the Palghat Cauvery Shear System (PCSS) in South India, also hosts
an elongated leucocratic syenitic pluton dated to be w560 Ma
(Miller et al., 1996) and NW-SE to NE-SW trending maﬁc dykes
ranging from dolerite to leucogabbro (w65 Ma and 90 Ma,
Radhakrishna et al., 2003) in composition. Detailed analysis of
a part of the MSZ and associated magmatic units is attempted with
special reference to structure and Anisotropy of Magnetic Suscep-
tibility (AMS) in order to unravel the magmatic emplacement
history and its relation to the shear zone kinematics.2. Geologic setting
The Moyar Shear Zone (Fig. 1) is one of the prominent Prote-
rozoic tectonic zones in the South Indian granulite terrain (Santosh
et al., 2009, 2012; Chetty et al., 2011; Naganjaneyulu and Santosh,
2011; Plavsa et al., 2012; Yellappa et al., 2012) and hence attains
importance in the study of crustal evolution of South India. Thiseking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. Tectonic map of South India with location of major shear zones (modiﬁed after Ghosh et al., 2004).
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zone (Meissner et al., 2002) or as a suture zone (Srikantappa, 1993;
Santosh et al., 2009; Chetty et al., 2011) is 20 km wide and trends
east-west for a strike length of about 200 km. This shear zone is
more or less parallel to the roughly east-west trending gravity
contours separating the gravity high and low between Cannanore
and Mangalore (Krishna Brahmam, 1993). The acid to basic intru-
sives and associated amphibolites, gneiss and mylonite form a part
of the WNW-ESE trending MSZ, which extends along the northern
fringes of the Nilgiri massif and joins the Palghat Cauvery Shear
System.
Precambrian crystalline rocks in the area, comprising
hornblende-biotite gneiss, mylonitic augen gneiss, garnetiferous
hornblende-biotite gneiss and amphibolites, are cut across by
magmatic activity (Fig. 2). The rocks, except the syenite, gabbro and
maﬁc dykes, are characterized by polyphase deformation fabrics.
The most widely developed planar fabric is a penetrative foliation
(S1), subparallel to the rarely preserved primary bedding/compo-
sitional layering (S0). The foliation, deﬁned mainly by ﬂakes of
biotite, crystals of hornblende and ﬂattened and elongated grains of
quartz and feldspar, is closely spaced in sheared rocks. Structural
analysis indicates formation of folds of different tectonic styles and
orientations (Praveen et al., 2009). Thin mylonite zones are
common in the gneiss. Mylonitic augen gneiss, characterized by
feldspar augens (Fig. 3a), occur along the southern part of the shear
zones.
Maﬁc dykes cross cut the gneisses and mylonites, the syenitic
pluton and the younger leucogabbros (Fig. 3b and c). The dykes are
widespread, vary in thickness from 30 cm to 10 m (Fig. 3d) and
strike NE-SW, NW-SE, NNW-SSE and ENE-WSW. There are also
small dykes less than 30 cm in thickness occurringwithin themajor
dykes as dyke-in-dyke structures (Fig. 3e).The syenite pluton, which shows compositional variation from
quartz-syenite to leucogranite, occurs as an elongate body of about
20 km length and an average width of about 4 km. The syenite is
composed predominantly of sodic plagioclase, microcline, quartz
and hornblende. Though it is difﬁcult to delineate different facies
within the pluton, grain size variation is prominent with coarse
grained (Fig. 3f) central part and porphyritic margins.
3. Materials and methods
Detailed ﬁeld studies were carried out in an area selected with
the help of GIS and remote sensing techniques. The area exposes
variously deformed Precambrian crystalline rocks along with
younger syenite pluton and maﬁc dykes. Samples of all these rocks
were subjected to detailed ﬁeld and laboratory analyses. Anisotropy
of Magnetic Susceptibility (AMS) analysis was performed to
determine the magmatic fabrics of both shear zone rocks and
magmatic rocks. In the present study, oriented core samples from
charnockite, gabbro, gneiss, mylonite, syenite andmaﬁc dykes were
used for AMS analysis, following the oriented block method of
sampling. Each block was cored and cut into specimens of 2.5 cm
diameter and 2.2 cm height. A high-sensitivity Spinner version of
the latest AGICO (Czech) MFK-1A Kappa bridge anisotropy meter at
the Structural Geology Laboratory of the Department of Geology,
University of Kerala, was used to measure the AMS.
3.1. Anisotropy of Magnetic Susceptibility (AMS)
Magnetic anisotropy is one of the most widely used tool in the
determination of magmatic fabrics. Magnetic anisotropies, also
called magnetic fabrics, can be determined using low-ﬁeld
Anisotropy of Magnetic Susceptibility (AMS). AMS is the tensor
Figure 2. Geological map of the study area showing the syenite pluton.
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magnetization (M) of a material through the equation: M ¼ KH,
with the proportionality constant K being a symmetrical second-
rank tensor referred to as the susceptibility tensor (Tarling and
Hrouda, 1993). This tensor is expressed by its principal Eigen
values (susceptibility magnitudes) and Eigen vectors
Kmax > Kint > Kmin, their orientations usually representing the
maximum, intermediate and minimum axes of susceptibility
(K1>K2>K3), respectively. The Kmax axis represents the magnetic
lineation while Kmin is the pole of the magnetic foliation (the plane
deﬁned by Kmax and Kint axes). Apart from the principal axes, the
AMS data could also be represented by the Km, P, and T parameters
deﬁned as follows:
Km ¼ ðK1 þ K2 þ K3Þ=3
P ¼ K1=K3
T ¼ 2lnðK2=K3Þ=lnðK1=K3Þ  1
In which Km is the mean bulk magnetic susceptibility of a single
specimen (Hrouda et al., 2005; Hrouda, 2009). P is the degree of
AMS which indicates the intensity of the preferred orientation of
the magnetic minerals in the rock (Nagata, 1961) and P0 is the
corrected anisotropy degree, as proposed by Jelinek (1981). T
represents the shape of the susceptibility ellipsoid as oblate or
prolate (Jelinek, 1981).
4. Results
4.1. Structural signature
Analysis of mesoscopic and microscopic structures in the MSZ
host rock indicates three generations of folding (F1, F2 and F3)
demarcated on the basis of orientation, geometry, overprinting and
associated planar fabrics. It is probable that F1 and F2, were formed
by progressive deformation during which pre-F2 metamorphism
gave rise to the penetrative planar fabric S1, which in turnwas folded
to form F2 (Praveen et al., 2009). All fabric characteristics indicate
that the formation of penetrative S1 foliation is synchronous with
ductile shearing and has been transposed on a pre-shear fabric (S0).
At places, where shearing is intense, the foliation (S1) is furthertransposed by subparallel non-penetrative foliations (S2 and S3)
formed during reactivation of the shear zone. The present distribu-
tion of the lithological units is largely controlled by the E/Wplunging
F2 folds. Although distinction between mutually parallel and WNW-
ESE trending S-surfaces (S0 to S3) and shear planes is not always
possible, the overprinting relations indicate reactivated shearing as
in Bhavani Shear Zone (Prasannakumar and Lloyd, 2007).4.2. Mean susceptibility
The mean susceptibility value (Km) obtained from AMS data
range widely from 1773  106 (SI) to 94,200  106 (SI) for MSZ
dykes and 1599  106 (SI) to 44,200  106 (SI) for the syenite
pluton. The Km values in host rocks like charnockite (1229.96 106
(SI) to 45,837.5  106 (SI)), gabbro (1942  106 (SI) to
61,780  106 (SI)), gneisses (98.11  106 (SI) to 12,838.33  106
(SI)) and mylonite (94.53  106 (SI) to 8352.40  106 (SI)) also
show wide range. The wide range in the mean susceptibility indi-
cates variations in magnetic mineralogy of MSZ rocks which are also
evident in petrographic analysis. The higher values of mean
susceptibility are normally interpreted as a contribution of ferro-
magnetic mineral concentration. In contrast, if the mean suscepti-
bility value is comparatively lower, i.e. <500  106 (SI), it is
considered to be dominantly contributed by paramagnetic minerals.
However, the mean susceptibility values in the range of
(500e9900) 106 (SI) are commonly interpreted to be contributed
mainly by ferromagnetic along with considerable input from para-
magnetic phases (Tarling and Hrouda, 1993). Hence it is reasonable
to argue that the major contribution of magnetic anisotropy in
syenite pluton, maﬁc dykes, gabbro and charnockite is from the
ferromagnetic minerals along with minor fractions of paramagnetic
minerals rather than solely from dominant ferromagnetic phases
(Thompson and Oldﬁeld, 1986). The paramagnetic anisotropy in
charnockite is due to biotite and hypersthene, as observed in thin-
sections. Thus, in the syenite pluton, maﬁc intrusives and char-
nockite, magnetite grains contribute to the AMS along with the
other paramagnetic and diamagnetic phases. In gneisses and
mylonite the mean susceptibility ranges from low to mediumwhich
ismainly due to the signiﬁcant abundance of paramagnetic minerals
Figure 3. (a) Mylonitic augen gneiss with feldspar augens; MSZ dykes showing crosscutting relationship with (b) syenitic rocks and (c) leucogabbrro; (d) Dykes with thickness
varying from few centimeters to few meters and (e) dyke in dyke intrusion; (f) Coarse grained central part of the pluton.
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susceptibility, as indicated by the Km vs P0 plot (Fig. 5a).
4.3. Magnetic fabrics
Magnetic fabric data of the rocks are generally described in
terms of magnetic foliation (F), magnetic lineation (L) and the
Jelinek (1981) parameters P0 and T (P0 is the corrected degree of
anisotropy and T is the shape parameter). The magnetic fabric is an
indicator of degree of deformation since AMS arises from the
orientation of the crystallographic axes of minerals, which often
control shapes of grains (Rochette et al., 1992).
Magnetic lineation and foliation data of the representative
samples show average values of 1.036 and 1.0312 in maﬁc dykes,
1.1219 and 1.1627 in syenite pluton, 1.1273 and 1.1249 incharnockite, 1.0534 and 1.0592 in gabbro, 1.0825 and 1.1342 in
gneisses and 1.02954 and 1.08904 in mylonitic rocks. Pole diagram
of the principal susceptibility for all the MSZ rocks represented in
Fig. 4 illustrates the general nature of magnetic foliation and line-
ation in MSZ area. As per the Jelinek (1981) statistics the mean
directions of magnetic lineation (K1) plunge 46/325 in charnockite,
77/242 in gneiss and 80/307 in mylonites, while plutons show
plunge of 59/065 in syenite, 12/151 in gabbro and 67/094 in maﬁc
dykes. Magnetic foliation planes, obtained from the K3 ploes, dip
62/268 in charnockite, 85/308 in gneiss, 85/003 inmylonite, 88/338
in syenite and 19/204 in gabbro, while that in maﬁc dyke shows
a dip of 87/011. The attitude of magnetic foliations suggests similar
trends for maﬁc dykes and mylonite which in turn is comparable
with the regional shear zone trend. Syenite pluton and gneissic
rocks exhibit similar trend, which is perpendicular to the regional
Figure 4. Equal area lower hemisphere projections of mean directions of principal susceptibility axes in different samples of MSZ area.
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from the regional shear zone fabrics.
The corrected degree of anisotropy P0 in theMSZ dykes shows an
average of 1.0709 and a T range of 0.548 to 0.545 indicating both
prolate and oblate shapes of the AMS ellipsoid. In syenite pluton the
P0 average is 1.3154 with a T range of 0.361 to 0.4755, but most of
the samples indicate oblate shapes. Charnockite has an average P0
value of 1.2738 with T value ranging from 0.374 to 0.4723 anddeﬁnes both prolate and oblate shapes of the AMS ellipsoid. The
gneiss, gabbro and mylonite exhibit an average of 1.237, 1.118 and
1.12974 respectively and demonstrate both prolate and oblate
fabrics in gneisses and gabbro and mostly oblate fabric in mylonite.
Jelinek (1981) plots of P0 vs T for all the studied rocks are shown in
Fig. 5b. Corrected degree of anisotropy (P0), for the syenite pluton,
gneiss and mylonite, exhibits an increasing trend while that for
maﬁc dykes and charnockite shows a decreasing trend (Fig. 5a)
Figure 5. (a) Km vs P0 plot and (b) Jelinek plots for different rocks.
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more or less scattered plots. Magnetic anisotropy in paramagnetic
minerals is very high in comparison with the ferromagnetic phase
while their susceptibility value is signiﬁcantly lesser than that of
the latter (Borradaile, 1988; Tarling and Hrouda, 1993). Presence of
high anisotropy values of gneisses and mylonite (P0 > 1.5) in the Km
vs P0 plot is suggestive of the contribution of paramagnetic minerals
in the susceptibility. Clusters with low P0 in the Kmvs P0 plot indicate
the presence of strong mean susceptibility with feeble anisotropy
(as magnetite) in plutons and dykes. But the negative correlation of
P0 with Km value is mainly due to the paramagnetic contribution.
Charnockite also exhibits similar contribution with a minor para-
magnetic phase. This interpretation goes well with the studies of
Borradaile (1988) which demonstrated the anisotropic properties
of paramagnetic minerals and the inﬂuence of ferromagnetic
minerals like magnetite.
5. Discussion
Magnetic anisotropy of rocks depends always on the individual
anisotropy of grains and the degree of alignment of these individual
grain anisotropies with which it is composed of (Hrouda, 2004).
Usually ferromagnetic minerals (magnetite or hematite) dominate
the magnetic anisotropy of a rock when present in a notable
quantity. But in the case of increasing degree of anisotropy, para-
magnetic minerals also can contribute to the total anisotropy of
a particular rock. Dominance of both paramagnetic and ferromag-
netic minerals contributes to the total susceptibility of rocks like
gneiss, mylonite and syenite, while maﬁc intrusives and char-
nockite are dominated by ferromagnetic minerals such as magne-
tite with feeble paramagnetic contribution.
The Jelinek (1981) parameters, represented by the P0 vs T plot
(Fig. 5b), demonstrate the nature of deformation in the MSZ rocks.
The variation in degree of anisotropy in relation to shape parameter
is considered as a good proxy for the detection of preferentiallyoriented minerals which usually contribute to the total suscepti-
bility and reﬂects strain (Borradaile, 1988). Among the analysed
MSZ rocks mylonite is one that shows mostly oblate fabric, which is
typical in the South Indian shear zone rocks and the shape is mainly
produced by the minerals like mica, actinolite and chlorite. Most of
the syenite samples also fall in oblate ﬁeld, contributed largely by
biotite and magnetite grains. In gneissic rocks the anisotropy is
mainly controlled by mica, hornblende and magnetite association
which shows both prolate and oblate fabrics. Maﬁc intrusives like
dolerite and gabbro also show both prolate and oblate fabrics
resulting mainly from ferromagnetic minerals like titanomagnetite.
Charnockite which shows high mean susceptibility indicates
a contrasting assemblage of both paramagnetic and ferromagnetic
minerals with samples plotting in prolate and oblate ﬁelds. The P0
vs T relation indicates that the gneissic rocks and syenite pluton
follow the mylonite trend by the inﬂuence of shearing. But maﬁc
rocks, while occurring in a high strain environment, do not reﬂect
any signature of shearing effects and hence can be considered as
post-tectonic. However, the contrasting pattern could also be due
to metamorphism and alteration during reactivation process which
probably allows the fabric to reorient with the shear zone fabric.
5.1. Signiﬁcance of magnetic fabrics in maﬁc dykes
The magnetic fabrics of intrusive bodies are traditionally inter-
preted in terms of magma ﬂow, because it primarily originates
during the process of emplacement of these rocks into the Earth’s
upper crust (Callot et al., 2001; Bascou et al., 2005). Thus the
magnetic fabrics, revealed by the AMS, can provide information on
the mode of emplacement of intrusives and the possible defor-
mation that they have been subjected to (Cañón-Tapia, 2004;
Chadima and Cajz, 2006). The classical interpretation of dyke
emplacement is that they form perpendicular to the minimum
principal stress direction (Anderson,1951; Creixell et al., 2006). The
Kmax in ﬂows is often considered to be parallel to the direction of
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Creixell et al., 2009). Thus Kmax and Kmin are very useful in deter-
mination of magma ﬂow direction, and hence, the individual
maximum and minimum directions have been plotted for all the
fourteen dyke locations (Fig. 6). Among the samples, M21a which is
located at the south-west of the shear zone shows a vertical
orientation of magnetic lineation. In all other samples, located away
from the M21a, magnetic lineations of dykes vary in orientation
from near vertical to horizontal. The samples M3a, M5a, M10c,
M69a, T1 and T2 show near vertical to inclined ﬂow directions,
while samples from location M2a, M26a, P30, P32 and M71 suggest
subhorizontal ﬂow.
Consistency in alignment of Kmax is a good proxy for deter-
mining magmatic ﬂow directions (Borradaile and Henry, 1997;
Raposo et al., 2007), even though the uncertainty in choosing K1, K2
or any intermediate direction in the magnetic foliation plane to
represent the real ﬂow direction has been questioned (Geoffroy
et al., 2002). In the studied MSZ dykes the magnetic foliation
plane and dyke wall are more or less parallel (except in few loca-
tions like P30 and M69a) and Kmin lies perpendicular to the dyke
wall (Fig. 6). Hence the Kmax of Moyar dykes with vertical to sub
horizontal orientations for the magnetic lineation at different pla-
ces imply vertical to horizontal ﬂow directions. Spatial analysis of
ﬂow directions reveals a systematic pattern suggesting a common
conduit for all dykes (Fig. 7). At the conduit the ﬂow trajectories are
vertical while they gradually change to moderately to gently
plunging and to sub horizontal away from the conduit.Figure 6. Pole diagrams of (a) K3 with magnetic fField and AMS measurements in the MSZ dykes demonstrate
that the ﬂow direction varies during the dyke emplacement. The
initial propagation was more or less vertical and the inferred
magma ﬂow of the successive emplacements was through the
leading fractures which were moderately dipping. Besides, the
magnetic lineation and magnetic foliation with in the dykes are
nearly parallel to the general trend of the Moyar Shear Zone (Fig. 6)
suggesting probable inﬂuence of the shear zone in guiding the
emplacement.
5.2. Signiﬁcance of magnetic fabrics in syenite pluton
Magnetic foliations and the mesoscopic foliations recorded in
the ﬁeld exhibit strong correlation (Fig. 8). The magnetic foliations
close to the northern and southern margins of the pluton are
similar to the mesoscopic foliations of the surrounding gneisses.
The magnetic foliation trajectories have a sigmoidal shape and
curve into the MSZ to the north of the pluton suggesting a dextral
sense of shear (Fig. 8a). Themagnetic fabrics recorded in the syenite
pluton and the mesoscopic fabric in MSZ area indicate that the
former was inﬂuenced by the regional tectonic events that have
contributed to fabric development in the region. It is signiﬁcant
that the dominant orientation of the magnetic foliations recorded
in this study is in agreement with the general WNW-ESE trend of
the MSZ (Fig. 8a, b and c). The magnetic foliation in the pluton has
a dominant WNW-ESE strike and steep southerly dip (Fig. 8d). The
mylonite foliation in the MSZ also has similar orientation (Fig. 8c).oliation and (b) K1 with ﬁeld trend of dykes.
Figure 7. Spatial distribution of principal susceptibility axes in MSZ dykes. Lower hemisphere equal area diagrams represent Kmax.
P. Pratheesh et al. / Geoscience Frontiers 4 (2013) 113e122120This evidence indicates that the pluton was emplaced at a time
when the shear zone was active and hence the pluton is syntec-
tonic. Thus it can be presumed that the ﬁnal stages of shearing and
syenite emplacement are contemporaneous and it can be inferred
that the reactivation of the MSZ and magnetic fabric development
in the syenite pluton were coeval.
Magnetic lineation is important in deciphering the emplace-
ment history of the pluton and its relation to the surrounding
environment (Sadeghian et al., 2005). The lower hemisphere equal
area projection of magnetic lineations (K1) in the pluton is repre-
sented in Fig. 4, which shows moderate-to-steep northeasterly to
easterly plunge. This shows strong comparison with the magnetic
lineation in the gneissic and mylonitic rocks implying that the
syenite emplacement was syntectonic but during the end stages of
reactivation and hence the absence of mesoscopic fabrics.
5.3. Tectonic evolution of Moyar Shear Zone
The Moyar Shear Zone is one of the major transcrustal shear
zones in southern India, separating the Archaean Dharwar Craton
in the north and the Late Archaean to Early Proterozoic Nilgiri
granulites in the south (Srikantappa et al., 2003). The MSZ is also
considered to be a terrane boundary between the Early Proterozoic
northern granulites and the Pan-African southern granulites
(Harris et al., 1994; Bhaskar Rao et al., 1996; Janardhan, 1999),
which accommodated differential exhumation of the two constit-
uent blocks. Geochronological signatures representing meta-
morphic activity at ca. 2.5 Ga, 1.8 Ga and 0.55 Ga (Friend and
Nutman, 1992; Bartlet et al., 1995) envisage polyphase uplift
history and reactivation of the shear zone. Whilst strike-slipmovements, possibly with opposing sense of shear, are well
documented by mesoscopic and microscopic structures, evidences
of dip-slip movements (Naha and Srinivasan, 1996) are restricted to
rare, steeply plunging lineations. The granulite blocks are separated
by oblique-slip dextral shearing involving about 70 km lateral and
10 km vertical displacement along the MSZ (Drury and Holt, 1980;
Drury et al., 1984). This exhumation is corroborated by the occur-
rence of vertical stretching lineations preserved all along the MBSZ
(Naha and Srinivasan, 1996; Bhadra, 2000). However, diverging
views on the existence (Mukhopadhyay et al., 2003) and/or orien-
tation (Drury et al., 1984; Chetty, 1996; Naha and Srinivasan, 1996;
Bhadra, 2000; D’ Cruz et al., 2000; Jain et al., 2003; Prasannakumar
and Lloyd, 2007; Santosh et al., 2012) of the kinematic indicators,
together with the lack of well constrained data on the age and P-T
conditions of shearing, have led to contrasting models for tectonic
evolution in southern India. Field evidence from the Bhavani Shear
Zone indicates that lineations plunge both moderately/steeply N/S
and also E/W. The former suggests down-dip movement whilst the
latter suggests strike-slip movement during different (reac-
tivation?) events. Alternatively, it can be argued that the lineations
may be consistent with a single transpressional/transtensional
deformation (e.g. Fossen and Tikoff, 1993; Fossen et al., 1994; Lin
et al., 1999; Teyssier and Tikoff, 1999), but the overprinting rela-
tionships of these features argue for separate origins
(Prasannakumar and Lloyd, 2007, 2010; Satheeshkumar and
Prasannakumar, 2009).
The magnetic fabrics of the syenite pluton, maﬁc dykes and the
other shear zone rocks in the MSZ area also suggest reactivated
shearing. The emplacement of the pluton, dated as w560 Ma
(Miller et al., 1996), and the younger magnetic foliation are
Figure 8. (a) Magnetic foliation map of the MSZ area. Magnetic foliation trajectories (broken blue lines) are drawn within the syenite pluton. These show a sigmoidal pattern and
curve into the ﬁeld foliation of the surrounding rocks; (b) Contoured lower hemisphere equal area projection of poles to ﬁeld foliation (S1) recorded in the shear zone rocks; (c) and
(d) are contoured lower hemisphere equal area projections of poles to magnetic foliation (K3) in all the MSZ rocks and the syenite pluton respectively.
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with vertical plunge can be considered to result from the vertical
displacement during reactivated shearing. The syenite pluton
exhibits strike-slip movement also in the form of magnetic foliation
trajectories concordant with the mylonitic foliations. Though the
maﬁc dykes and gabbros are dated as 65Ma and 90Ma respectively
(Radhakrishna et al., 2003), the magnetic lineation and foliation in
them are similar in orientation to that in shear zone rocks. Hence it
is reasonable to argue that, even though there is no major fabric
formation after reactivation, the kinematic forces inﬂuenced regional
tectonic settings of the terrain and the later successive emplace-
ments. This points to a late stage crustal dilation due to up-warping
of crust caused possibly by a plume activity during Late Cretaceous.
6. Conclusions
The magnetic foliation and lineation trajectories in the
deformed metamorphic rocks and syenite pluton in the MSZ indi-
cate a dextral sense of shear in agreement with the mesoscopic and
microscopic fabrics. The syenite pluton, which is devoid of any
mesoscopic/microscopic indicators of deformation and shearing
and hence considered as post-tectonic, shows inﬂuence of strain
during the development of magnetic fabrics suggesting its synki-
nematic formation. As the pluton is dated to be w560 Ma, the
magnetic fabrics in it help to ﬁx the time of shear zone reactivation
also corresponding to the Pan-African tectonic event. In contrast,
the magnetic fabrics of maﬁc dykes and gabbro are of post tectonic
character. The spatial distribution pattern of the orientation of
magnetic lineations in maﬁc dykes suggests a common conduit and
a probable plume activity leading to the formation of the dykes.
However, while the fabric development in the syenitic pluton
indicates Pan-African tectonic reactivation of the MSZ, the maﬁc
dykes indicate a late stage crustal dilation due to up-warping of
crust caused possibly by a plume activity in the early formed crust
of southern granulite terrain.Acknowledgement
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